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By L. J. Iortie, N. J. Pappas 3: Assz-ziates.
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DIWirf-- the comrse of your academic years, you have cevtainly

been subjected to noise. S-..etir.--=s, the type of noise combined with the

function you attended irritated you. On other occasions, a noise of a

totally elL.if.fer.ent nature provoked lau.shter. ,7.:o matter what the nature

of a noise is, it Is distracting and distanibing; otherkrise, it would not

be termed noise. Aside- from noise, you may also have experienced diffi-
culty in speech co,r-nrication, either in classrooms, hills or a:7-DM-
theatres, due to either too =eh reverberation or insufficient loudness

or both.

° L e k m e 4 1 17 b21-111rimsr n seeirtch noise ,.4.1-.;.;
intenLcibility e at premium is academi c type of 131-Lading.

The aim of this presentation is not to stress the -1.ortance

of a good acoustical environment in academic buildiii=s but to act

1) with the parameters s which govern noise control and those -which

govern room acoustics and 2) to demonstrate how a good acoustical envi-

ronment can be achieved.

NOISE CONTROL AIM ACOUSTICAL DESIGN OBJECTIVES

1, en. controlling the acoustical environment of a bifilding in

which all the rooms are used for speech commuli cation ali_rost exclusively,

the objective is to meet predetermined values of noise criterion and
reverberation time; and there are optimri values for both. To acid eve

Physical comfort, in fact, a room rmst possess a certain amount of noise
and reverberation and their optimm value derives from practical experi-

ments conducted by well-known authorities on this subject over a period

of several years.

tA\ NOISE SOURCES AND NOISE PROPAGATION

11Q
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To remain in the context of academic buildings and keeping
in mind that nn.oisen is a disturbing sound, the noise sources are many

and varied. They may be divided into two categories: internal and

external. The most important internal noise sources are the following:
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a) Ventilaticn ecuiLraent.

b) r contitii,n'iL5 elmii=ent.

c) raectrical transfor"-=zi-s an fluorescent _-ightl

d) facts (fcotsteps, etc.)
e) Loud conversation.

f) Plumbing.

g) Elevators and escalators.

t=ng the many external noise sources those we are mostly
concerned with are the followinz,--

=) Road, railrcad at air trallic.
1,1 gernic botx:z cAlauoium),

c) Road ani. bufisth3g construction eqpirment.

Noise orir--in=tes in the form of a mecheri cal vibration. Some
of this vibrato-ry energy is ir_mediately translated into a fluctuation of
the ambient air pressure. This is called airbo:ie noise. Part, of the
vibratory energy is also transmitt,PA to structural co,,,r^n.ents of buildings
in its original form with more or less amplification or attenuation, de-
pending on the resonance and damping characteristics of the transmitting
media. This is called structure borne noise and is also invariably
translated into airborne noise. If of sufficient intensity, airborne
noise will sometimes translate itself into structure borne noise as if
frequently occurs in the case of sonic booms. This is called air coupled
vibrations.

ACILLYALUIG A CO1TORTABLE ACOUSTICAL EITE10/E0i12

At the outset of a project in which proper acoustics are

contemplated, it is customary to write an acoustical specification.

Other than elaborating on various contractual conzaitments, the acous-

tical specification establishes the criteria of acoustics and noise and

outlines the general manner in which those criteria will be met.

This brings us to the main purpose of this raper: ?Tow to

Physically meet the criteria of acoustics and notsett.

Those who are assigned the task of designing acoustics and

noise control on a project for the first time:are confronted with the
question as to whether the acoustical design or the noise control must

be considered first. This question can be answered in the following

manner:
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17- 4' intensity of a sc-nd -.cave Lr a room dez_rea.ses is.nrersely

with the szizare she distance fro= the sc.-ti sourze. Fast a certain'?

distar.ce:, 1..,o-vrever, ti-e intensity ceases to decreaze ar.j. s constant.

This effect is r.ronortional to the ame-r.L...-rt of absorttion .n a room.

On the other hand, the min azcustical Da.rater of

a room, is reverberation time which is also a direct fumction of the

amount of absorption in a room.

Since, therefore, the acoustical des in of a room s an

effect cn the ability this room has to attenuate the amilitude of sound

laves, the acoustical desi._z.n mast be considered first. Frcper acoustics

classroo= are relatively easy to achieve. Rev-erbt.-ation a,a me is

the 1.7por.tant criterion and is calculated. as folle-Js:

ly+-swrin ril =

= 0.0149 V

1 zarz..4:5

V = room volume in cubic feet

S = area of all surfaces in swore feet

= average absorption coefficient of the room.

The absorption re red to achieve a predetermined Tanalmt of

reverberation time is generally supplied by 1) the people in the class-

room era 2) by acoustical tiles placed on the ceiling. It is also goad.

Practice to place acoustical tiles or any absorbing raterial on the rear

wall, thus preventing sound wave reflections from interferrirg with

direct leaves.

Lobbys, tails, libraries, cafeterias and offices are also

designed to meet a predetermined amount of reverberation time and this is

Pretty well the only acoustical criterion for these functions.

In the acoustical desin of auditoria, other parameters such

as cliiffusion and room modes are involved. These parameters are, however,

not discussed in this paper since they generally form the basis for long

and elaborate discussions.

NOISE CONTROL

Now that the absorption has been calculated to achieve pro-

per acoustics throughout a building, a factor -vrhich will be important in

the calculations for noise control, can be extracted from the calci.da-

tions previously performed in the design of room acoustics. This factor

is called the room constant and is found as follows:
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It
can be tolerated
to meet a rsedet
efoi..a3x-ling of this

R = Ss

is this factor which dete=acses whai, -X-ir.17.-1 noise level

at a noise generating source located in a roan in order
er-i_ined noise criterion for that r=. A better "itrtii-
stal.ent, will be .6el- d by inspecting the fa:kn.:mg

SPL = VAIL 4. 10 loglo[tariV R41 +0.5 db.

where SPL = Sound. Pressure level at a given distance from
a sound source.

= Pager Level of the sound source.

average a.bsoription E jc bi_gh and consetrderitaa

has nch effect on the formila. It means that at a relatively aoweciable
distance from Vas>. sc.Y.32-ce, 1402)l 3 ..t.evel-t-r;11 have fie-creased sigt_li
cantly. If, on the contrary; the average absorption is low, at a rela-
tively aproeci able distance from a sound source the sound level will havz

not decreased significantly. Arai her ay of saying it is: "The higher

the room constant, the larger the distance between the sound source and

the reverberant field".

i io thr.rmoll the iise. of the above formla that the

sound power levels can be established for the noise Ming ;Fran dif-

fusers and registers of ventilation systems, and frcza wirniow and wall

surfaces.

Tr a

Once these T-Ian= levels have been established, it is then

a matter of controlling the media which will provide the necessary amount

of sanna attenuation in order not to exceed those noise levels.

Without enterring the technicalities of the operations per-
formed in noise control, let us eymmine the means and tools which are

available to acousticians to help then control noise.

Ventilation a-ad mechanical equipment noise: - in e

exict by which the power level of the-noise produced by ventilation fans

can be calculated. The parameters are the following:

1. The type of fan (centrifugal or anal).

2. The displacement in CFR (cubic feet per minute)

3. The static pressure in inches of water.

4. The speed in Rai and

5. The hose-power of the driving motor.
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The attenuaticn of the ducts connected with a fan can also
be calculated in ter= of db/fcot. One can therefore calculate -ffrat the
noise level of a -ventilation sdste.-.2 will be at the various ou-.T.,1ets on a
ductwork system. If the noise is found to be too hi cfh at an outlet,
sound absorbing material y 'e used in the for= of khan& inside the
duct. If the lera-th of duct is insufficient to acco=_odate the required
anoint of lining .terial, a silencer will Imve to be used. To understand
the operation of a silencer, it should first be "...;:entioned thp...t the two

factors which govern the sound attenuation of a duct are 1) the
absorption coefficient of' the surfaces and 2) the ratio of the perimeter
of the duct to its cross-sectional area; the larger this ratio the hi goer
the attenuation. A silencer., therefore, is a section of duct contain
splitters which effectively increase the ratio perk..-eter/area. These
soli tters are further lined with sound absorbing rzterial to increase
the absorption coefficient of the surfaces.

tr---1----:ri:;-siof4 loss of walls--

As a general rule, the sound transmissior joss of a material
is proportional to its surface weight. The air space between two whytes
of a partition. also add to the transmission loss of the mrtition.
this case the efficiency of the air space increases with frequency. To

get a good benefit of an air spaced partition at low frequencies, the
latter mist be at least four inches.

Impact noise rating of floor/Ceiling constructions:-

There exist no -valid fammla e by which this parameter can be
calculated. Suppliers of prefabricated floor elemerits artd gove=_=lital
research institutions, however supply on request, 3itterature which con-
tains the impact noise characteristics for various flooriceil.-___in_g construc-
tions.

Isolation of mechanical equiwent vibration:-

The general rule was, until recently, that when mechanical
equipment such as fans, chiller compressors, water pumps, etc... is
located in pro)dmity of a critical area such as bedrooms or executive
offices, to provide a vibration decoupling efficiency of 95% or better.
In all other cases a decoupling efficiency of 85% to 90% was satisfac-
tory. There are numerous tables available which show at a glance the
required spring static deflection as a function of RPM and decoupling
efficiency. These tables assume that all vibration mounts are undamped

but are nevertheless used quite extensively.

A more logical approach to vibration decoupling was re-
cently introduced in the field of engineering and which is derived direct-
ly from the dynamics of vibrating structures. The vibration isolation
systems are designed as a function of both the dynamic characteristics
of the machine which is to be isolated and the dypamic characteristics
of the section of the structure where the machine is located.
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TABLE OF NOISE CRITERIA APPLICABLE TO THE

VARIOUS FUNCTIONS FOUND IN ACADEMIC BUILDING

Function Noise Criterion

C I assrooms NC-35

Recreation halls NC-50

Lounges NC-35

Lobbys and corridors NC-40

Libraries Nr-96

Cafeterias NC-45

Auditoria NC-25

Private offices NC-30

Secreterial offices NC-40

Dormitories NC-30

n j Pappas & associates
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OCTAVE PASS BANDS - CYCLES PER SECOND

37. 75 - 150 - 300 - 600 -1200-2400-4800 -9600

NC 65-70

NC 60-65

NC 55-60

NC 50-55

NC 45-50

NC 40-45

NC 35-40

NC 30-35

C 25-30

FREQUENCY - CYCLES PER SECOND

Relation Between Floor Vibration and Noise Level In Room Below
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Sign_ FIST 1,7-3

Sound systems finT1 more and core use in academic buildings.
They are used to provide =sic in cafeterias and lcunzes and to address
students in classrooms, anml-Arccatres and gathering 1-11s Intercommu-
nication systems are also used to a large extent.

l-fore than often, so-in:d systems are not adequate from a point
of view of uniformity of sound d.istri_bution and tel 1 igibi i ity, because

the acoustical characteristics of the rooms in -which the loudspeakers
are installed -i.'ere not properly accounted for. The _T=1- ev-, the location
and the acoustical power of the loudspeakers are directly related to
the acoustical proper:Lies of roc= and their function. Sound systems
-list therefore be designed by system enr2neers Twor::,:ing in close coope-

ration with acousticians.

CONCLUSIOITS

Wor.L.ng in a pleasant envi_r.onment is certninly =Ire fruitful

in all respects than II-pricing under adverse conditions of comfort. Acous-
tics in academic institutions rPnic on the sat...-7)P level as appearance, light-

ing and c:dzimtic conditions to provide comfort. These four conditions

rrn,st slork as a group. If any one is at fault the value of the others is

badly impaired.

14R, . : Thank you, Mr. Lortie. I an sure maw of us now !mow a little
more about vibrations and acoustics than before and it &load be very

helpful in planning our next b-trildtngs.

FO M1 AND QUEST.101) ?IiaIOD

CITARNAU: Jean Blouin, Universite de Montreal.

PAIIRLISTS: L.S. Lortie, N.J. Pappas & Associates.
R. Teo, Western University of Ontario.
L. Doefle, Consulting Engineer.
J. i-famel 1, Universite de Sherbrooke.

BLOUBJ: We have now reached the question period and I will ask the

members of the panel to say a few words on the subject.
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nO: Blouin asked me this morning to say a few Ticords Cu this

subject . We do not seem to start soon enough, in the plarring of our

buildings, to handle the acoustic probls that come along. So we

recognize these difficulties only when we have them and then we have to

do scce expensive alteratiais or live with them. We can learn to

recognize these trobls perhaps if we have similar situations. It

seers difficult to recognize the probl.s in new rrojects. Every

huilctisa* _g, every project is different. What we need is a method of

finding the new types of equirment, new types of construc-

tion. Probably noise control is one of cur more serious problems.

We must start earlier in cur planning I think the follow up on the

installation is a point.

i. HEFIT.Liz,- I think Mr. Yeo had just about the same ideas as I have.

I have taken notice of what was said this morning that there was a lack

of c caws ci cation from the start. I would like to add that the many

problem we have with acoustics are very expensive to correct once the

whole thing is done. Mr. Blcuin. was saying, they called in a consultant

after this auditorium was finished. It is Each better to have the con-

sultant before.

DORISP,- The subject of acoustic has been ouite well treated by

Mr. Inrtie. I would just like to make a few comments particularly on

room acoustics, because as you listen to the speech of Mr. Lortie, these

are the two main problems, achievement for good hearing and the reduc-

tion of noise. Mr. lortie pointed out the importance of speech

intelliplbility in an auditorium. What is speech intelliO.'bility?

When we provide good reception for the spoken word do we know what we

are doing? We are tuning the auditorium for speech. We tune the audi-

torium in exactly the same way the violin makers time their violins.

We tune it to the sound of speech so that you understand the speech.

I think that the tuning of an auditorium in an academic building is vela

important. The academic building auditorium is the instrument of educa-

tion. It is the instrument of emmination, of knowledge, and experience,

and furthermore the instrument of friendship, mutual understanding,

mutual respect, which is so important in this world to-day.

Another thing I would like to emphasize, in the provision

of good acoustic conditions in an auditorium, the installation of a sound

system is very important. It must be remembered that, in an auditorium
in an academic building, there must be provided a two-way communication.

One communication from the lecturer to the audience, and one from the

audiences back to the lecturer. If you are sitting in an auditorium it
is different from a theatre or a concert hall. If you are sitting in a

theatre you are a member of a large audience and you do not want to be

identified. In a lecture hall you want to maintain your identity. You are

an individual; you want to ask questions and these questions must be well

heard and understood by the lecturer. This cannot be done where there

is no two-way communication. How do you provide this? From the ceiling.

The ceiling must be properly shaped in an auditorium, the room shape and

the finish are all extremely important.
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t

These where ,f s::, a few re...rks in this very shavt
T ccnclude 4.rat the welfare of the acade=ic,- tuadirEs ibor

- are
resPznsible are in -very ca,ble ;lands.

and

C 4.1-;.e meeting is new open to cueb-ticn.s fro= the floor.

. T..17-741.1U1 1:CR:7-77',.4.3.77;-12; ETT74"-*1"..t,-,T.77:

di:cut aflOths of a second in speech?

:3- laTIE:

Da you say t.1-at reverbera.tion is

Tt is dependent or volume of the room, cn as typical
size of 4,000 c.ft.

Tnere is one factor, I believe, you have no control over and
that is the fixed veltionship be the south source and the rever-
beration sound except as a natter of distance.

R. WRITE: This is traction of the room. Tt is mostly concerned in the
design of the auditorium.

qu=07.I: I wonder if the relationship is in the placement of your speakers.
.4_rrange them in a manner that you would 1-.ave an infused relationship so
that your speech would not be interfered by the reverberation?

LC ?!D: Definitely. A sound system, as designed by a sound er=ineer,
is one of the _ivstrraents to r-eire the fusing of the loud speakers so that
the distance between the speakers is counted and will not cause interfe-
rence.

712. HOSE A', iJi yam. 177 OF You said there was a problem with this
auditorium. I find. it very comfortable. 7ilhat -was wrong and whet did you
do?

LORTT2,: This auditorium at this end is not very -wide, and the problem
is that when we talked here we did imow if our voice carried. 'We had the
impression that you could not hear us.

1:1R. THOMAS, CA CIE IIITSTFPUTE OF TEC4 14-2TOLOGY: if you have done everything
you can to build a perfect room and to install a perfect sound system,
what can be done to educate the person at the microphone to use the micro-
phone as he should?

R. LORTIE: Implement a training, I would suggest, and if you put this
in the new rules for the auditorium and paste it on the door, then it
might work.

Incidentally, I gave a talk along these l-Lnes. The editor
of the -university newspaper was interested and I have written an article
in which I go after the people who refuse to co-operate with the P.A. man
and I hope that it is widely read.



'QEM-4 7.10:1: ice are in the rrezess of birilhilz, a -Science school- We area very ,.11 school. Ti.:re are goirg to hale a lecture 1.1"Z 11 of 350 capacityand a P.A. .vste=. How do you take care of the acoustics for a fr-Ail
group and for a lecturer?

gj'=- If you have an atilitorit= for 350, which is very rr-a111 T do
not thipl: that, once the roc-, "res been designed to corz7 the solamd pro-
terly from sound souse and a reasonable ar...zunt of acoustical
well chosen and suitably located, you ;ill have no problem. A 350 audi-
torium. is going to be about 60-65,000 cubic feet or less and this is asmell room. If your lecturer has had some practice and is a trainedsmoker, you do not need a sound system. But the room shape mist be
Properly deslued, acoustical -mter ials =st be properly distributed.

SiftE, SIR Ca ifluT4-3 UNHERSITI: I have a problem wilich is alittle too difficult. iire have air conditioning and ventilation systemswhich are well isolated as far as sound inside the building. But hewcan you elirnirete noises to the street? lie have Irany coil Pints, Weturned to our consultants. -Th...ey came 11D with an ar... saver, but it atlor untedto $10,000. which is more then-the equircent is -worth. Is there anansiver9

R. LORM: First of "all, it mist be established w2-iat is the source of
noise responsible for this ainDlification outside the building. If it is
found, then the first thing is to put a silincer on the fan, the duct that
gives transition reverse on the street and then the equipment may also
need treatment.

YR. WRIGHT, Ula-VMSITY OF OaC-ON: What effect does carpeting have?

D0-5,T ;E: Carpeting is lasilally used along the floor but you do not
need an acoustic treatment along the floor because the audience supplies
to elirninete footsteps which might be irritating. From that point of
view you do not add to the acoustical qualities of the room, or rever-
beration, but you do benefit by the elimination of shuffling noises.

QUESTION: You have developed foimaas for controlling noise inside the
building. Have you developed sound formulas for traffic noises, exterior
noises, is there anything you can do about them?

LORTIE: Usually noises from external sources are attenuated by the
construction of the exterior walls of the building. Now in the case where
you do have a noise source outside the building which is disturbing inside
one way to counteract this is by adding noise to it in what is called
masking oise. This is probably what Mr. Newman referred to by iiperfumen.
The noise should be of such a nature that, even if it is low in level, it
may be sufficient to mask the outside noise, Masking can also be provided
by background music.



11R. DOEM: I would like to point cut that, since this is an e.Y.1,reily
noisy world, we should not be too sensitive to noise because, on the
one 1-ati we cannot do too iucb about it, and on the other scc.e people
definitely enjoy noise. If you have ever entered a discotheque, anti
seen the fataire generation; hew they enjoy the total enviro=ent in
which there is noise and ras-ic on a very high level. I can assure you
that the fature generation 70_11 not be so sensitive to noise, and the
noise criteria that has been so well detailed are going to be changed.
lifeshall tolerate higher noise levels. So we better live with the
noise.

frivM at. 1J3 ITT OF MARTLA1M: I understand that in the classroom,
one place where you do not use acoustic was in the ceiling?

leRTLE: !Tot in the case of classrooms. when we refer to class-
rooms we have in rni net a room to acco=nodate 30 people in which case
we do not use the ceiling to carry the voice, but the walls. The lengthof the room in a classroom is such that we can carry the sound waves
without special treatment . Bat in the case of an auditorium or an amphi-
theatre, then the ceiling is used to carry the sound waves to the back.
Bat generally, not in classrooms.

EL DORI-Kg: If you would ask me what is the most important recommanda-
tion for good acoustics in an auditorium, I would say that requirement
No. I. would be acoustic treatment of the ceiling.

ifteigi, ifiaV..2...- ITT. OF TE-LIWSE._,-R: Can you olve a statement of the
tolerable noise for a telephone office which might be located next to
our egairment area. Is this a realm of high tolerable noise?

LORTIE: As quoted in the Telex of noise control, for proper tele-
phone conversation NC 40 is about the limit, at 45 it becomes difficult
and at 50 or over it is impossible. TX 40 would be the mininnim tolerable
noise where telephones are used.

CIIIIMAN: I would like to thank the members of the panel for their
participation.


